A posteriori and modified granddaughter designs were applied to determine haplotype effects for Holstein bulls and cows with BovineSNP50 [~50,000 single nucleotide polymorphisms (SNP); Illumina Inc., San Diego, CA] genotypes. The a posteriori granddaughter design was applied to 52 sire families, each with ≥100 genotyped sons with genetic evaluations based on progeny tests. For 33 traits (milk, fat, and protein yields; fat and protein percentages; somatic cell score; productive life; daughter pregnancy rate; heifer and cow conception rates; service-sire and daughter calving ease; servicesire and daughter stillbirth; 18 conformation traits; and net merit), the analysis was applied to the autosomal segment with the SNP with the greatest effect in the genomic evaluation of each trait. All traits except 2 had a within-family haplotype effect. The same design was applied with the genetic evaluations of sons corrected for SNP effects associated with chromosomes besides the one under analysis. The number of within-family contrasts was 166 without adjustment and 211 with adjustment. Of the 52 bulls analyzed, 36 had BovineHD (high density; Illumina Inc.) genotypes that were used to test for concordance between sire quantitative trait loci and SNP genotypes; complete concordance was not obtained for any effects. Of the 31 traits with effects from the a posteriori granddaughter design, 21 were analyzed with the modified granddaughter design. Only sires with a contrast for the a posteriori granddaughter design and ≥200 granddaughters with a record usable for genetic evaluation were included. Calving traits could not be analyzed because individual cow evaluations were not computed. Eight traits had within-family haplotype effects. With respect to milk and fat yields and fat percentage, the results on Bos taurus autosome (BTA) 14 corresponded to the hypothesis that a missense mutation in the diacylglycerol O-acyltransferase 1 (DGAT1) gene is the main causative mutation, although other polymorphisms in that gene also modify fat yield and percentage. The positive allele for protein concentration was less frequent, which indicated that selection on that locus could be effective. Although the results can be used to determine causative polymorphisms for most of the analyzed traits, complete DNA sequencing of most of the analyzed sires probably will be required.
INTRODUCTION
Since 2008, genomic evaluation has become a reality chiefly because of the development of high-density SNP chips that allow for relatively inexpensive genotyping of individuals for tens of thousands of genetic markers. With thousands of genotyped bulls with progeny records, reliabilities of >0.7 can be obtained for genotyped animals without records or progeny records, compared with reliabilities of <0.4 based only on parent evaluations. The methods developed for genomic evaluations are based on population-wide linkage disequilibrium between closely linked markers and the actual QTL that determine phenotypes for the traits of interest (e. g., VanRaden et al., 2009) . Because linkage disequilibrium is generally incomplete, even if a SNP has a major estimated effect on an economic trait, the SNP genotypes of individual animals do not necessarily correspond to their QTL genotypes. With the exception of the diacylglycerol O-acyltransferase 1 (DGAT1) and ATP-binding cassette sub-family G member 2 (ABCG2) genes (Grisart et al., 2002; Winter et al., 2002; Cohen-Zinder et al., 2005) , quantitative trait nucleotides (QTN), which are the actual polymorphisms responsible for detected QTL, remain unknown. Determination of the actual polymorphisms responsible for the observed genetic variation should result in increased rates of genetic gain .
Methods applied to plants and experimental animals to determine QTN cannot be applied to large farm 5377 animals. For dairy cattle, the most convincing proof that a QTN has been discovered is if concordance is obtained for a sample of animals with known QTL genotypes. Complete concordance is obtained only if all individuals heterozygous for the QTL are also heterozygous for the putative QTN and vice versa. In addition, among the individuals heterozygous for the QTL, the allele with the positive effect on the trait should be associated with the same allele of the putative QTN (Ron and Weller, 2007) . Proof that the QTN has been determined requires that concordance be ascertained for a sufficiently large group of animals so that the hypothesis that concordance was obtained by chance can be statistically rejected with high power (Ron and Weller, 2007) .
Unlike major genes for which genotypes can be determined directly from the phenotypes, QTL genotypes can only be determined for bulls with many progeny based on application of either a daughter or granddaughter design (Weller et al., 1990) . This design was first applied to the US dairy cattle population by Georges et al. (1995) , and has since been applied to almost all major commercial dairy cattle populations (Weller, 2007) . Weller and Ron (2011) proposed application of a posteriori granddaughter design (APGD), diagrammed in Figure 1A , to determine QTL genotypes for bulls from large populations of individuals genotyped using high-density SNP chips. Similar to the original granddaughter design, sires with many progeny-tested sons are analyzed. However, rather than genotype the sons specifically for application of a granddaughter design, the data generated by genotyping many bulls for highdensity SNP chips are used. Thus, the design is considered a posteriori. The sons of each bull are divided into 2 groups based on which paternal haplotype was passed to each son for the chromosomal region with the putative QTL. If a contrast (P < 0.05) is obtained between the 2 progeny groups, then it can be deduced that the sire is heterozygous for the QTL. Otherwise, it can be assumed that the sire is homozygous for the QTL, provided that the experimental design has sufficient power to detect heterozygous sires with a high probability.
Compared with application of granddaughter designs based on microsatellites, the a posteriori design is more powerful for genomic analysis for several reasons. First, unlike individual microsatellites, which are homozygous for a significant fraction of the animals' genotypes, in the APGD, each haplotype is based on the genotypes of tens of tightly linked SNP (e. g., Druet et al., 2008) . Many different haplotypes segregate in the population for each specific chromosomal segment, and almost all bulls are heterozygous for their haplotypes. Thus, the paternal haplotype of almost all sons can be determined. Second, the bulls available for analysis in the 1990s were a selected sample, as semen of inferior bulls was generally not retained by the AI institutes. Finally, if the whole genome is analyzed, then the number of individual comparisons is huge, and nominal significance levels of 5 or 1% are meaningless. Thus, much lower nominal significance levels are required to determine that a segregating QTL has been detected. In the current study, this multiple comparison problem was avoided by considering only specific chromosomal regions that were shown to harbor segregating QTL by genome scan results. Weller et al. (2002) proposed that QTL allelic frequencies and the number of segregating QTL alleles in the population could be determined by application of a modified granddaughter design. In this design, diagrammed in Figure 1B , maternal granddaughters of a bull are divided into 3 groups based on which grandpaternal haplotype was passed to each granddaughter. Based on Mendelian sampling, 25% of the granddaughters should receive 1 of the 2 grandpaternal alleles, 25% should receive the other allele, and the remaining 50% should receive neither allele. Similar to the APGD for genomic evaluation, almost all grandsires will be heterozygous for their haplotypes, and haplotype determination of the granddaughters can be determined almost without error. The main advantage of the modified granddaughter design is that those granddaughters that received neither grandpaternal haplotype can be considered to be a random sample of the QTL alleles that are segregating in the population. Thus, by comparing the effects associated with the 2 grandpaternal haplotypes with the effect associated with the granddaughters that received neither grandpaternal allele, determining the relative frequencies of the 2 grandpaternal QTL alleles in the population should be possible (Weller et al., 2002) . The closer the effect associated with 1 grandpaternal QTL allele is to the effect associated with neither grandpaternal allele, the greater the frequency of this allele in the general population. Determining if more than 2 effective QTL alleles are segregating in the population also should be possible (i.e., alleles with measurably different effects on the trait). This will be observed if the effects of the 2 paternal alleles relative to the progeny group that received neither paternal allele differ (P < 0.05) across families (Weller et al., 2002) .
The primary objective of this study was to determine QTL genotypes for chromosomal regions determined previously to harbor segregating QTL for all traits that are genetically evaluated in the United States for a sample of approximately 50 bulls via application of the APGD. These data were then used to determine In this design, genotypes of the paternal sons and their genetic evaluations based on their daughter records are analyzed. A single chromosome is shown. The 2 haplotypes are denoted "M" and "m," and the QTL effects are denoted "+" and "−." (B) Illustration of the modified granddaughter design. In this design, the genotypes and genetic evaluations of the maternal granddaughters based on their own records are analyzed. The QTL alleles of the grandsire are denoted "Q1" and "Q2"; QTL effects derived from other male ancestors are denoted "H1," "H2," "H3," and "H4"; and QTL effects derived from female ancestors are denoted "M1" and "M2." Color version available in the online PDF.
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concordance for the SNP included on the BovineHD BeadChip (high density; Illumina Inc., San Diego, CA). The secondary objective was to apply the modified granddaughter designs to a large sample of Holstein bulls and cows, to confirm the results of the APGD and to estimate QTL allelic frequencies.
MATERIALS AND METHODS

Animals Analyzed
A total of 19,365 Holstein bulls with an August 2012 US Department of Agriculture-DHIA genetic evaluation based on ≥10 daughters and with a BovineSNP50 (~50,000 SNP; Illumina Inc.) genotype were selected for analysis. In addition to US bulls, the sample also included Canadian, Italian, and UK bulls. For application of the APGD, 9,180 bulls that were sons of 52 bulls with ≥100 sons per sire were retained. The number of sons per sire ranged from 100 to 608 for milk production traits (Table 1) . Sire families were deleted from analysis of individual traits if the sire was homozygous for the specific haplotype region analyzed. Similarly, sons of a sire were deleted if they were homozygous for a single haplotype or if a son received neither of his sire's haplotypes. This could occur because of crossovers within the haplotype, genotyping mistakes, or incorrect phasing. Thus, the specific number of bulls in each analysis varied as a function of the specific chromosomal region analyzed. Genomic evaluations were analyzed, but they were expected to be very similar to traditional genetic evaluations computed with a standard animal model (VanRaden and Wiggans, 1991) , because each son was required to have ≥10 daughters with a record usable for genetic evaluation.
Of 233,482 genotyped Holsteins in the US database, 165,540 were female, but only 27,704 were cows with a lactation record usable for genetic evaluation of milk production traits. This was determined by comparing the reliability of the cows' traditional PTA with the reliability of the cows' traditional parent average. If the difference was >5%, the cow was assumed to have ≥1 lactation record usable for genetic evaluation. Traditional PTA were analyzed because of the relatively greater effect of genotype information on genomic cow evaluations (i.e., the effect of specific SNP could overwhelm phenotypic data). For fertility traits, which have lower heritability, a difference of >2% was required for inclusion. It should be noted though that these cows are a selected sample with overrepresentation of elite cows. Adjustments of Wiggans et al. (2011) were applied to reduce bias in cow PTA and make their statistical properties more similar to bull PTA.
In the modified granddaughter analysis for each trait, only granddaughters of bulls heterozygous for the QTL effect as determined by the APGD were included. In addition, grandsire families were deleted if the number of genotyped granddaughters per grandsire was <200. A larger sample was required for this analysis because 3 within-grandsire classes were defined, compared with 2 for the APGD, and because reliabilities for cow evaluations are lower than for bull evaluations. The number of granddaughters with a lactation record usable for genetic evaluation ranged from 9 to 1,776 for milk production traits ( Table 1 ). Note that these are the maternal granddaughters, not the paternal granddaughters, and include only granddaughters with genotypes. Only 18 bulls had ≥200 granddaughters. As in the APGD, individual granddaughter records were deleted if the granddaughter was homozygous for the grandsire haplotype.
Genotype and Haplotype Determination
Details of the US genomic evaluation system for dairy cattle have been reported by VanRaden et al. (2009) . Of the 54,001 SNP in the original Illumina BovineSNP50 Genotyping BeadChip and the 54,609 SNP in version 2 (Illumina Inc., 2011), 45,178 were retained for analysis. Haplotypes were determined using the findhap.f90 Fortran program (VanRaden, 2011) . Each haplotype segment included a maximum of 75 markers, with the exact number of markers adjusted to achieve almost equal numbers of markers per segment within chromosome. The 75-marker length was chosen to maximize accuracy of imputation from less-dense chips. Longer segments also are used in the imputation program, but shorter segments resulted in haplotypes containing too few markers for low-density chips. Over the entire genome, there were 617 haplotype segments.
Of the 52 bulls analyzed, 36 had BovineHD genotypes (Table 1) . Although the Illumina BovineHD Genotyping BeadChip includes 777,962 SNP (Illumina Inc., 2010), a large portion of those markers were found to be redundant. Thus, only 311,725 markers were retained for analysis.
Traits Analyzed
Thirty-three traits that are included in the US genetic evaluation system were analyzed: 5 milk production traits (milk, fat, and protein yields and fat and protein percentages); SCS; productive life; 3 fertility traits (daughter pregnancy rate and heifer and cow conception rates); 4 calving traits (service-sire and daughter calving ease, and service-sire and daughter stillbirth; Van Tassell et al., 2003; Cole et al., 2007) ; 18 conformation traits [stature, strength, body depth, dairy form, rump angle, thurl width, rear legs (side view), rear legs (rear view), foot angle, feet and legs score, fore udder attachment, rear udder height, rear udder width, udder cleft, udder depth, front teat placement, rear teat placement, and teat length)], which are evaluated by Holstein Association USA (2012; Brattleboro, VT); and the net merit genetic-economic index (Cole et al., 2010) . Of the 3 fertility rates, cow conception rate and daughter pregnancy rate both measure cow fertility and are highly correlated .
Statistical Analyses
For each trait, the haplotype segment containing the autosomal SNP associated with the greatest effect 
where Y ijk is the genetic evaluation of bull k, which is a son of sire i that received sire haplotype j; S i is the effect of sire i; H ij is the effect of haplotype j of sire i; and e ijk is the random residual associated with each evaluation. Analysis of this model was by PROC GLM of SAS (SAS Institute, 2012) . Overall haplotype effect (P < 0.05) indicates that a QTL is segregating within the haplotype segment or in close proximity. A specific within-family haplotype effect (P < 0.05) indicates that the specific bull is segregating for the QTL. This model does not account for maternal relationships among the sons (e.g., sons that have the same dam or maternal granddam). However, the effect of these relationships on QTL segregating among the sires should be minimal. For overall haplotype effect (P < 0.05), the design was applied with a shift of 1 haplotype segment to the left and then to the right. If the F-value for the haplotype effect was increased, then the analysis was again performed with the haplotype shifted another unit in the direction that resulted in an increase in the F-value. This procedure was continued until a smaller F-value was obtained or the end of the chromosome was reached.
The APGD was reapplied to the haplotype segment with the greatest F-value and to the haplotype segment containing the SNP with the greatest effect, but with the genetic evaluation of each bull corrected for the effects of all chromosomes except the one under analysis. To compute an adjusted evaluation, the genetic evaluation was first deregressed, and then effects associated with each chromosome (other than the one under analysis) were subtracted. Subtraction of SNP effects from all other chromosomes should be more accurate than including either a genomic or pedigree relationship matrix, because the SNP effects were estimated from the entire data and not just the selected families.
For each trait with a haplotype effect (P < 0.05) for the APGD, concordance was examined between the trait effects and the sires' marker genotypes for the 30 markers closest to the marker on either side with the greatest effect. If the segment with the greatest effect was not the original segment with the marker with the greatest effect, then the 30 markers analyzed were those in the segment with the greatest F-value closest to the segment with the marker with the greatest effect. Concordance per bull was assumed if either of the following conditions was met: (1) the absolute t-value of the within-family contrast was <2 and the marker was homozygous, or (2) the absolute t-value of the within-family contrast was >3 and the marker was heterozygous. If the t-value was between 2 and 3 or the genotype of the sire was not determined for the specific SNP, then concordance was considered to be undetermined. These criteria were chosen because 5% of the bulls (~2.5) could be expected to have absolute t-values >2 by chance, but only 0.26% of the bulls (~0.14) should have t-values >3. It should be noted though that a t-value <2 does not prove that the bull is homozygous. All that can be determined is that the null hypothesis of no difference between the means could not be rejected. Concordance was considered to be complete if it could not be rejected for any of the bulls included in the APGD analysis with valid genotypes and absolute t-values of <2 or >3.
The modified granddaughter design was applied to the traits with an overall F-value (P < 0.01) for the haplotype effect in the APGD except for the 4 calving traits, because those traits did not have individual cow evaluations. The analysis model for the modified design was the same as for the a posteriori design, except that the dependent variable was the granddaughters' evaluations and the independent variables were the grandsire effect and the haplotype effect nested within grandsire. Instead of 2 haplotype classes for each sire in the APGD, there were 3 classes in the modified granddaughter design; the third class included granddaughters that received neither grandsire haplotype. Only grandsires with haplotype effects (t-values with absolute values of >3) and ≥200 granddaughters with a record usable for genetic evaluation were included in the analyses. As in the APGD, no correction was made for relationships other than those included in the analysis model.
RESULTS AND DISCUSSION
Of the 33 traits analyzed, the SNP with the greatest effect overall was located on an autosome for 27 traits (Table 2) . Within-family haplotype had an effect (P < 0.001) for all of those traits [rear legs (rear view) and rear teat placement (P < 0.01)]. For final score, dairy form, foot angle, rear legs (rear view), feet and legs score, and rear udder height, the SNP with the greatest effect was on the sex chromosome. Within-family hap- lotype with the SNP with the greatest autosomal effect also had an effect for final score, dairy form, and foot angle (P < 0.001) and rear legs (rear view; P < 0.01). Paternal haplotype did not have an effect (P > 0.05) for feet and legs score and rear udder height. Thus, almost all the SNP analyzed do represent chromosomal regions containing segregating QTL that can be detected by the APGD.
The numbers of families with contrasts (P < 0.001) and mean value of those contrasts for haplotypes with the SNP with the greatest effect without adjustment for SNP effects on other chromosomes are shown in Table 2 as are the mean absolute t-values for those contrasts, ratios of mean family contrast value to greatest individual SNP effect for population, and locations of the haplotype segment with the greatest F-value relative to the haplotype segment with the SNP with the greatest effect. The contrast values and SNP effects are given in breeding value units, which correspond to QTL substitution effects. For all traits, mean family contrast was greater than SNP effect, with a mean ratio of 5.1. The haplotype effect is expected to be larger than the SNP effect, which is a function of linkage disequilibrium over the population, does not completely correspond to the genotypes for the causative mutation, and should, therefore, be smaller than the actual QTL effect. Furthermore, several adjacent SNP may share the QTL effect. However, the mean haplotype effect was biased upwards, because only effects with a t-value of >3 were included. Therefore, some sires that were heterozygous Table 2 . Numbers of families with significant (P < 0.001) contrasts and mean value of those contrasts for haplotypes with SNP with the greatest effects without adjustment for SNP effects on other chromosomes by trait and autosomal chromosome location The SNP with the greatest effect overall was significant at P < 0.001 on an autosomal segment for all traits except rear legs (rear view) and rear teat placement (P < 0.01) and feet and legs score and rear udder height (P > 0.05).
2 Bos taurus autosome.
3
Beginning of haplotype segment with greatest F-value.
4
The contrast values and SNP effects are given in breeding value units, which correspond to QTL substitution effects.
5
Mean family contrast:greatest individual SNP effect for population.
6
Relative location of haplotype segment with greatest F-value relative to haplotype segment with SNP with the greatest effect.
7
The SNP with the greatest effect was on the sex chromosome.
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A POSTERIORI GRANDDAUGHTER DESIGN 5383 for the QTL (but with relatively smaller contrasts) may have been deleted. Overall, 166 within-family contrasts (P < 0.001) with a t-value of >3 resulted in a mean of 5.0 significant effects per trait. A single SNP on BTA18 was the SNP with the greatest effect for 13 of the 31 traits with haplotype effects (P < 0.01). The major effects associated with this SNP have been documented by Cole et al. (2009) . However, for 8 of those traits, the haplotype segment with the greatest effect was upstream of the segment containing the SNP; for net merit, the haplotype segment was upstream by 5 segments (almost 20 Mbp). For 6 other traits that had the haplotype segment with the greatest effect on other chromosomes, that segment did not contain the SNP with the greatest effect. A QTL affecting daughter pregnancy rate near 45 Mbp on BTA18 was previously detected by Ashwell et al. (2004) . The 3 traits with the greatest number of families with contrasts (P < 0.001) were fat percentage (26), fat yield (21), and milk yield (24). That finding was not surprising, because the analyzed chromosomal segment contained the DGAT1 gene on BTA 14, which has been shown to have a major effect on those traits (Grisart et al., 2002; Winter et al., 2002) . The SNP and haplotype segments with the greatest effects on protein percentage are closely linked to a polymorphism in the ABCG2 gene on BTA 6, which has been proposed as the causative mutation for that effect (Cohen-Zinder et al., 2005) .
Results that correspond to the information in Table  2 are shown in Table 3 after adjustment of SNP with the greatest effects for the effects of SNP on other chromosomes. Generally, the residual variance after adjustment for all other chromosomes was only about 25% of the residual variance without adjustment. Thirtyone traits had within-family effects (P < 0.001) with adjustment. Feet and legs score again did not have a within-family effect (P > 0.05) with adjusted evaluations. In addition, even though heifer conception rate had a within-family effect (P < 0.05) with adjustment, none of the individual families had a t-value of >3. The total number of within-family contrasts was 211 (compared with 166 without adjustment), and mean number of significant effects per trait was 6.4 (compared with 5.0 without adjustment). As expected, mean family contrasts were lower than without adjustment, because a t-value of 3 was obtained for a smaller effect. The mean ratio of haplotype to SNP effects was only 3.4 (compared with 5.1 without adjustment), and 3 traits (protein percentage, dairy form, and service-sire calving ease) had ratios of <1.00. The haplotype segment with the greatest effect was the same as without adjustment for all traits except protein yield. For that trait, the haplotype segment with the SNP with the greatest effect also had the greatest F-value with adjustment.
Of the 52 bulls analyzed, only 4 had no contrasts (P < 0.001) with adjustment (Table 1) . Those 4 bulls had between 100 and 121 sons. Thus, the relatively low number of sons for those bulls may be a factor in the lack of significant haplotype contrasts. The bull with the greatest number of contrasts segregated for 11 traits and had 193 sons; another bull (123 sons) segregated for 9 traits. The mean number of contrasts per bull (excluding the 4 bulls with no contrasts) was 4.4.
The current study is much more extensive than previous granddaughter design analyses, both in the number of animals included in the analysis and the number of traits analyzed. For example, Georges et al., (1995) analyzed 1,518 sons of 14 sires for the 5 milk production traits. Ashwell et al. (2004) analyzed 1,415 sons of 10 sires for the 5 milk production traits, pregnancy rate, SCS, and productive life. Thus, 6 times as many sons and 3 to 5 times as many families were included in the current analysis. Also, because relatively long haplotypes were defined, almost all sires were heterozygous, and the origin of the sons' haplotypes could be determined in almost all cases. Finally, as noted by Georges et al. (1995) , previous granddaughter design analyses were based on selected samples, because semen of inferior bulls was not retained, which resulted in underestimates of effects for traits that underwent major selection. This is no longer the case for the current data set. These factors should explain the fact that significance was obtained for almost all traits.
Complete concordance was not obtained for any of the traits analyzed either with or without adjustment. Thus, the QTN was not among the BovineHD SNP for any of the traits. For all traits, ≥5 bulls were nonconcordant. Thus, as postulated by Ron and Weller (2007) , the probability of obtaining concordance by chance with a sample of this size is very small. It is not too surprising that complete concordance was not obtained because even the BovineHD BeadChip includes only a small fraction of the total DNA variation. Thus, complete DNA sequencing will probably be required to determine the QTN for these QTL. Even though the 2 QTN determined to date are missense mutations, this of course is not necessarily the case for all QTL. Many genes are functionally multiallelic; for example, α-CN. In addition, the observed effect could be due to copy number variation (e.g., Glick et al., 2011) . If the genetic variation at a specific QTL is controlled by multiple polymorphisms or a more complicated mechanism, then it may not be possible to determine concordance.
Results of the modified granddaughter design for traits with within-family effects (P < 0.01) for the APGD applied to unadjusted evaluations are shown in Table 4 . Front teat placement, heifer conception rate, body depth, stature, and rear teat placement were not analyzed because none of the grandsire families with contrasts had ≥200 daughters with records usable for genetic evaluation; as noted previously, the 4 calving traits were not analyzed because genetic evaluations were not computed for individual cows. Of the 23 traits analyzed, foot angle, dairy form, SCS, final score, rear legs (rear view), rump angle, net merit, udder cleft, daughter pregnancy rate, productive life, strength, thurl width, and rear legs (side view) did not have withinfamily contrasts (P > 0.05) for the modified grandsire design. However, this design is less powerful than the APGD, even though a minimum of 200 granddaughters per family was required. The granddaughter records have much lower reliability than the sons' evaluation, which were required to have PTA based on at least 10 daughter records. Finally, as noted previously, the cows are not a random sample of daughters, which results in biased estimates of the QTL effect, as noted by Georges et al. (1995) .
Within-family contrasts and their standard errors are shown in Table 4 in order of haplotype chromosomal location for teat length, protein yield, fore udder attachment, udder depth, protein percentage, fat yield, fat percentage, and milk yield. Of the 28 family-trait combinations analyzed, only 5 (4 for fat yield and 1 for fore udder attachment) within-family contrasts were not significant (P > 0.05). Thus, the results of analyses Table 3 . Numbers of families with significant (P < 0.001) contrasts and mean value of those contrasts for haplotypes with SNP with the greatest effects after adjustment for SNP effects on other chromosomes by trait and autosomal chromosome location SNP with the greatest effect overall was significant at P < 0.001 on an autosomal segment for all traits except heifer conception rate (P < 0.05; no families with t-value of > 3) and feet and legs score (P > 0.05).
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A POSTERIORI GRANDDAUGHTER DESIGN 5385 using both granddaughter designs confirmed the hypothesis that the SNP with the greatest effects in the genomic analysis actually represent segregating QTL that can be detected by those designs. The magnitudes of the contrasts are expected to be smaller for cows, because, as noted previously, the animals genotyped were Relative to granddaughter group that inherited neither grandpaternal allele. The contrast values are given in breeding value units, which correspond to QTL substitution effects. *P < 0.05; **P < 0.01; ***P < 0.001. a selected sample; and cow evaluations are more highly regressed than bull evaluations . For teat length, protein yield, and protein percentage, only 1 family was analyzed for each trait. Thus, ascertaining if >2 effective alleles are segregating was not possible for those traits. For all 3 traits, the effect associated with 1 grandpaternal haplotype was positive, and the effect associated with the other grandpaternal allele was negative, which is expected if only 2 QTL alleles are segregating in the population. For teat length and protein percentage, the absolute value was greater for the positive allele, which indicated that it was the less-frequent allele. Thus, selection on those loci could be effective. For protein yield, the absolute value was greater for the negative allele, and selection on that locus would not be very effective. The grandsire analyzed for protein percentage probably did not segregate for the QTN found previously in the ABCG2 gene (Cohen-Zinder et al., 2005) . The magnitude of the effect associated with that QTN is an order of magnitude greater than the effect shown in Table 4 .
Three of the 4 bulls analyzed for fore udder attachment had significant (P < 0.01) within-family contrasts. However, the direction and magnitude of the effects was not consistent. For 2 bulls, both alleles had positive effects, and the allele with the greater effect was significant (P < 0.01). For the third bull, 1 allele had a positive effect and the other a negative effect, and the absolute value was greater for the negative allele. For this chromosomal region, >2 effective QTL alleles likely segregated. Similar inconsistencies were found for the 2 bulls analyzed for udder depth, which has haplotypes in the same chromosomal region.
Of the 7 bulls analyzed for fat yield, 3 had significant (P < 0.01) contrasts. For all of those bulls, the effect of the positive allele was significant (P < 0.01), whereas the other allele was not different (P > 0.05) from the bulls that received neither grandpaternal allele. Thus, the positive allele is apparently the less frequent allele, which corresponds to the results of Kaupe et al. (2004) , who estimated the frequencies of the 2 DGAT1 alleles in various populations.
For 7 of the 8 bulls analyzed for fat percentage, 1 haplotype had a positive effect, and the other haplotype had a negative effect. The absolute value for the allele with the positive effect allele was greater than for the allele with the negative effect for 6 of those bulls; thus, the allele with the positive effect is apparently the less frequent allele, which corresponds to the results of Kaupe et al. (2004) . However, the results for the other family indicate that 1 allele had a negative effect of 0.07 percentage points (P < 0.001). For the family with 2 positive contrasts, the greater effect was almost 0.11 percentage points (P < 0.001). These results may confirm those of Sanders et al. (2006) , who found that additional mutations in the DGAT1 gene also affect fat concentration.
All 4 bulls that were analyzed for milk yield had significant (P < 0.05) within-family contrasts for both milk yield and fat percentage. For 3 of the 4 bulls, the allele with a negative effect had the greater absolute value compared with the allele with a positive effect; for the other bull, both alleles had a negative effect. Mean negative effect for milk yield was 170 kg based on the allele with the greatest absolute value. Mean positive effects ranged from 38 to 72 kg but were not significant (P > 0.05). The negative effect on milk yield corresponded to positive effects for both fat yield and fat percentage as well as effects of the QTN located in DGAT1, which affects all 3 traits. In the current study, the bull with greatest positive effect for fat percentage also had the greatest negative effect for milk yield.
Application of the modified granddaughter design likely was premature, because only 18 bulls had >200 granddaughters with a record usable for genetic evaluation. Because of the relatively low reliability of traditional genetic cow evaluations, and the fact that these cows were not a random sample, within-family effects for samples of this size are not likely to be significant (P < 0.05). Currently, 147,761 Holstein females with listed grandsires have been genotyped, but most of those females are calves without their own production or conformation records. The modified granddaughter design should be reapplied to this population in approximately 2 yr when much larger data sets will be available.
CONCLUSIONS
For 33 traits analyzed with an APGD, within-family haplotype had an effect (P < 0.01) for all but 2 traits. Complete concordance was not obtained for any of the traits analyzed either with or without adjustment for SNP effects on other chromosomes. Of the 31 traits with effects (P < 0.01) for the APGD, only 21 could be analyzed for the modified granddaughter design. Of those traits, 8 had significant (P < 0.01) withinfamily haplotype effects. With respect to milk and fat yields and fat percentage, the results on BTA 14 corresponded to the hypothesis that a missense mutation in DGAT1 is the main causative mutation, although other polymorphisms in that gene also modify fat yield and percentage. The positive allele for protein concentration was less frequent, which indicated that selection on that locus could be effective. Although the results can be used to determine causative mutations for most of the analyzed traits, complete DNA sequencing probably will be needed for of most of the analyzed sires.
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In approximately 2 yr, a much larger sample of cows will be available for application of the modified granddaughter design.
